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This study was conducted to categorize the growth performance of feeds formulated with 
combinations of pulses and cereals (horse gram and ragi, green gram and pearl millet, and 
cow gram and wheat) along with groundnut oilcake and soya meal on the post larvae (PL) of 
the monsoon river prawn, Macrobrachium malcolmsonii. This is to promote the inland 
aquaculture of this economically important species. Two types of feeds with different 
proportions of pulse and cereal (type-A: 25% pulse + 25% cereal; type-B: 40% pulse + 10% 
cereal) were prepared in each combination along with equal proportion of groundnut oil cake 
and soya meal (20% each). Tapioca flour (5%) and egg albumin (4%) were used as binding 
agents. Vitamin B-complex (1%) was also mixed. These feeds were fed to M. malcolmsonii 
PL for a period of 45 days. The efficacy of these feeds on growth performance and 
biochemical constituents were assessed. Commercially available standard Scampi feed was 
served as control. The overall influence of these feeds on growth, and concentrations of total 
protein, amino acid, carbohydrate and lipid of PL were found to be the best in scampi feed 
followed by the feed rich in pulse (type-B) and the feed with equal proportion of pulses and 
cereals (type-A). Among three combinations of pulses and cereals were tested, the feed 
formulated with cow gram and wheat showed the best overall performance, followed by 
green gram and pearl millet, and horse gram and ragi.  All the results were confirmed 
through paired sample t-test, DMRT, and two-way ANOVA. The survival rate was found to 
be better in formulated feeds fed PL when compared with control. It is assumed that the 
additive/ preservative added in the commercially available scampi feed may be the reason 
for the lower survival rate recorded. Moreover, the commercially available scampi feed is not 
always affordable to small farmers. Therefore, the farm made feeds with locally available 
commodities of pulses and cereals can be prepared and used in a sustainable manner for 
healthy promotion of Macrobrachium culture. 
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Introduction 
Aquaculture is one of the fastest growing food producing 
sectors. It is recognized as a viable and profitable enterprise 
will presumably continue to grow and supply an increasingly 
larger quantum of nutritious products. This development is real 
and visible in support of rural livelihoods, improved food 
security and export earnings [1]. Prawns constitute an 
important and nutritious delicacy for human consumption and, 
hence, there is a universal stress on the need for its culture 
fishery [2]. The global annual production of freshwater prawns 
(excluding crayfish and crabs) in 2003 was about 280,000 
tons, of which China produced some 180,000 tons, followed by 
India and Thailand with some 35,000 tons each [3]. Next to the 
giant freshwater prawn Macrobrachium rosenbergii (de Man), 
the monsoon river prawn Macrobrachium malcolmsonii (H. 
Milne Edwards) is a potential species for culture [4, 5]. The 
commercial farming of this species is still in infancy due to non-
availability of seed in adequate quantities and the viable 
culture technology. However, in a recent report it has been 
stated that under monoculture system production levels of 750-
1,500 kg prawns/ ha/ 8 months are achieved. Further, it is a 
compatible species for polyculture along with Indian major 
carps and Chinese carps, which may yield 400 kg prawns and 
3000 kg carps/ha/year [5] in a culture system under which 
water quality, prawn growth and health is generally not 
monitored. In a semi intensive system with a stocking density 
of 30,000-40,000 prawns/ ha, under which fertilization and 
supply of a balanced feed ration are possible, the water quality, 
prawn health and growth rate are monitored, and the system is 
made free from predators and competitors. Thus, the 
production was achieved in the range of 500-1000 kg/ ha/ year 
[5]. The following range of water quality is prescribed as 
favoured for the culture of M.  malcolmsonii: temperature, 26-
32oC;  transparency, 30-60 cm; pH, 7.0-8.5; dissolved oxygen, 
5 mg/l; free CO2, 8 mg/l; hardness, 100-50 mg/l; alkalinity 80-
150mg/l phosphorus, 80-150 mg/l; NH4-N, 0.02-0.20 mg/l; 
Calcium, 30-80 mg/l; phosphorus, 0.01-0.90 mg/l;  nitrogen, 
P. Saravana Bhavan et al./J Ecobiotechnol 3 (2011) 14-23 
 
  
 15
0.05-90.5 [5]. Since the seed requirement for the commercial 
farming of this species is not met from the natural resources, 
large-scale seed production under controlled conditions for 
year-round supply is extremely important. The technologies of 
large-scale seed production and grow-out culture have led to 
increased attention of the farmers and entrepreneurs for 
diversification of their culture practice. In south India, the 
economically important M. malcolmsonii is found in abundance 
and constitutes a major fishery in the Cauvery River [6]. 
Culture of M. malcolmsonii depends on the use of a well-
balanced nutritional and economic diet [7].   
The route to the economic farming of freshwater prawns 
lies in determining the precise nutritional requirements at all 
stages of development and the development of an inexpensive 
artificial diet from readily available foodstuffs.  A formulated 
diet can be well balanced and contain all the essential dietary 
nutrients, it produce desired results. The true nutritive value of 
a formulated diet therefore ultimately depends on the 
bioavailability of the ingredients, and not purely on diet 
composition [8]. Artificial diets have been increasingly used in 
semi-intensive and intensive late nursery and on-growing 
phases to achieve fast growth and high survival [9, 10].  
However, commercially available artificial feeds are highly 
expensive and are not always affordable to small farmers. The 
expensive protein sources can be limited by including 
adequate level of carbohydrate, which in turn enhances the 
protein sparing effect of a particular diet on growth [11-13] and 
decreases the accumulation of nitrogen waste in culture ponds 
[14]. Soybean meal is one of the most promising alternatives 
because of its availability, reasonable price, high digestibility 
and amino acid profile [15]. There are many other chiefly 
available plant materials have to be checked their suitability for 
protein and carbohydrate sources. The increasing pressure on 
global fish meal stocks has generated interest on uses of plant 
products [16].   
Most grains exerted some functional properties, which is 
unknown as to whether the protein or the carbohydrate 
component of the product possesses this property [17-19]. In 
the present study, basal nutrients (protein, carbohydrate and 
lipid) for the growth of M. malcolmsonii PL were fully relied on 
carbohydrate rich basal ingredients, such as pulses (horse 
gram, green gram and cow gram) and cereals (ragi, pearl millet 
and wheat), groundnut oilcake and soya meal used as regular 
protein rich ingredients, and tapioca flour and egg albumin 
were used as binding agents. With these ingredients no 
additional lipid source was added. This work was carried out to 
categorize the growth promoting potential of these locally 
available commodities with an aim for promoting the inland 
aquaculture of M. malcolmsonii.  
Materials and Methods 
The post larvae/ early juveniles of M. malcolmsonii were 
collected from Lower Anicut of the Cauvery River 
(Kumbakonam, Tanjavoor District, Tamilnadu, India). They 
were safely brought to the laboratory in well-oxygenated plastic 
bags. They were stocked in a large cement tank (1000 L capacity) 
and acclimatized for two weeks in ground water (pH, 7; total 
dissolved solids, 0.9 g L-1; dissolved oxygen, 7.2 mg L-1; BOD, 
30.0 mg L-1; COD, 125.0 mg L-1; ammonia, 0.028 mg L-1). 
During which they were fed ad libitum with boiled egg albumin, 
beef liver, commercially available scampi feed and rice 
alternatively twice a day, and the medium was adequately 
aerated. On daily basis three fourth of the water was renewed 
by siphoning method causing minimum disturbance to the 
prawns. The unfed feed, excreta, and exuvia if any were 
removed.   
In this study, eight groups of 60 PL each (length: 0.8 -1.0 
cm; body mass: 0.08-0.10 g) was taken. Each group was 
equally divided and housed in three aquaria of 20 L capacity. 
One group served as initial control. After initial morphometric 
measurement from randomly taken ten individual the entire PL 
in this group were sacrificed to estimate the initial proximate 
composition of total protein [20], amino acid [21], carbohydrate 
[22], lipid [23], and ash [24]. The muscle tissue was pooled 
together and each initial biochemical parameter was analyzed 
three times.    
The remaining seven groups (each in three aquaria 
represents replicates) were taken for feeding trial. One group 
served as control and remaining six groups were served as 
experiments.  The control group was fed with standard scampi 
feed and the experimental groups were fed with six different feeds 
formulated by using combination of pulses and cereals alongwith 
groundnut oil cake, soya meal, tapioca flour and egg albumin 
(Table-1).
  
Table 1:  Formulated feeds and their protein, carbohydrate and lipid ratio 
  Basal 
Ingredients 
  
Feed -A  
(pulse-25% + cereal-25%) + 
(GOK-20% + SM-20%) +  
(EA-4% + tapioca-5%)  
Feed –B 
(pulse-40% + cereal-10%) + 
(GOK-20% + SM-20%) +  
(EA-4% + tapioca-5%) 
 Protein % Carbohydrate % Lipid %  Protein % Carbohydrate 
% 
Lipid % 
Horse gram + 
Ragi;  
 
Groundnut 
oilcake +  
Soya meal;   
 
Egg albumin + 
Tapioca   
5.5+1.7=7.2 
 
 
14.2+18.0=32.2 0.12+0.25=0.37 8.8+0.7=9.5 22.8+7.2=30.0 0.2+0.1=0.3 
9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 
 
 
 
0.4+0.0 
 
 
0.0+4.0 
                  
 
Nil 
 
0.4+0.0 
 
 
0.0+4.0 
 
Nil 
Total 28.8 42.2 4.7 31.1 40.0 4.7 
P. Saravana Bhavan et al./J Ecobiotechnol 3 (2011) 14-23 
 
  
 16
Green gram + 
Pearl millet; 
 
Groundnut 
oilcake +  
Soya meal;  
 
Egg albumin + 
Tapioca   
6.0+3.0=9.0 
 
 
15.7+16.7=32.4 0.25+1.25=1.50 9.6+1.2=10.8 25.2+6.7=31.9 0.4+0.5=0.9 
9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 
 
 
 
0.4+0.0 
 
 
0.0+4.0 
                  
 
Nil 
 
0.4+0.0 
 
 
0.0+4.0 
 
Nil 
  Total 30.6 42.4 5.9 32.4 41.5 5.3 
Cow gram + 
Wheat;  
 
Groundnut 
oilcake +  
Soya meal;   
 
Egg albumin + 
Tapioca   
6.2+3.0=9.2 
 
 
14.0+17.7=31.7 0.25+0.5 =0.75 10.0+1.2=11.2 22.4+7.1=29.5 0.4+0.2=0.6 
9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 9.4+11.8=21.2 4.0+2.0=6.0 1.6+2.8=4.4 
 
 
 
0.4+0.0 
 
 
0.0+4.0 
                  
 
Nil 
 
0.4+0.0 
 
 
0.0+4.0 
 
Nil 
Total 30.8 41.7 5.1 32.8 39.5 5.0 
GOK, groundnut oilcake; SM, soya meal; EA, egg albumin 
Protein: 28.8 - 30.8 (Feed – A); 31.1 - 32.8 (Feed – B); 29-33% 
Carbohydrate: 41.7- 42.2 (Feed – A); 39.5-41.5(Feed – B); 42-40% 
Lipid:  4.7 - 5.9 (Feed – A); 4.7 - 5.3 (Feed – B), 6-5% 
 
The feeding trial was conducted for a period of 45 days. 
Three different combinations of pulses and cereals (horse 
gram + ragi; green gram + pearl millet; cow gram + wheat) 
each with two different ratios (pulse: 25% & 40%; cereal: 25% 
& 10%)  along with groundnut oil cake (20%), soy meal (20%), 
egg albumin (4 ml) and tapioca flour (5%) were taken.   The 
pulses and cereals are used as major carbohydrate sources 
and minor protein sources. The groundnut oil cake and soy 
meal were used as major protein sources and   minor 
carbohydrate sources. The egg albumin and tapioca flour were 
used as binding agents.  
A mixture of these ingredients except egg albumin was 
stream cooked for 15 minutes and cooled in room temperature, 
then egg albumin was added.  Vitamin B-complex (1%) was 
also mixed. A semi solid paste was prepared and then made to 
form pellets (3-5 mm) using a manual pelletizer. These pellets 
were sun dried for 48 hrs. Water stability of the feed was 
assessed and the leaching was not exceeded 10% loss of dry 
matter per eight hours. Exactly 1 g pellet was taken in a glass 
beaker and soaked in known quantity of water for eight hours. 
After soaking the samples were drained on pre-washed 
Whatman filter paper and dried in an oven at 40oC for 24 h. 
The leaching rate was found to be less than 100 mg.  
On the final day of feeding trial, morphometric data were 
taken. The nutritional indices, such as survival rate, weight 
gain, biomass index, specific growth and condition factor were 
calculated [25, 12].   
                          No. of live prawns 
Survival Rate (SR) =  -------------------------------- X 100 
                           No. of prawns introduced  
 
Weight Gain (WG) =   Final weight (g) – Initial weight (g) 
                                                                   
Biomass Index (BI) =  Final weight (g) – Initial weight (g) 
    ------------------------------------------- X 100 
        Initial weight (g) 
 
                                          log of Final weight (g) – log of Initial weight (g) 
Specific Growth Rate (SGR) = --------------------------------------------------------- X 100 
                             No. of days 
 
                                 Final weight (g) 
Condition Factor (CF) = ----------------------- X 100 
                                 Final length3 (cm)  
 
Fifteen prawns from each aquarium were sacrificed 
(15x3=45 from each group) for estimating the proximate 
composition of total protein, amino acid, carbohydrate, lipid 
and ash. From each aquarium tissue from a group of three PL 
was pooled to constitute a single observation of each 
parameter and five such pooled sampling was made. Thus, 
three such observations were made for each parameter 
(3x5=15x3=45). Data between control and experiments and 
between experiments were subjected to statistical analysis: 
paired samples t-test, two-way ANOVA and DMRT were 
adopted by using SPSS, version-13.0 of IBM software. 
Results and Discussion 
Growth and Survival  
Table 2 represents the morphometric data and nutritional 
indices in M. malcolmsonii PL fed with formulated feeds 
prepared from three different combinations of pulses and 
cereals. The initial body length and weight of PL were recorded 
to be 1.03 cm and 0.092 g respectively. Significant increase in 
weight gain was recorded when comparing the final weight with 
initial weight (P<0.002-0.013). The increase in final weight was 
found to be higher in the scampi feed (control) fed PL followed 
by feeds contained higher pulses ratio (feed-B), and feeds 
prepared with equal proportions of cereals and pulses (feed-A). 
Therefore, the weight gain and specific growth rate recorded 
were in the order of control > feed-B > feed-A. Among three 
types of feeds formulated, the feed contained cow gram and 
wheat showed the best performance, the feed prepared with 
green gram and pearl millet produced better result, and the 
feed with horse gram and ragi yielded good growth. These 
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were further confirmed through comparison of DMRT mean 
significance (Table 2a). The values calculated for condition 
factor was the least in the best feed that was formulated with 
cow gram and wheat, less in better feed (green gram + pearl 
millet) and the low in good feed (horse gram + ragi). These 
were further confirmed through comparison of DMRT mean 
significance (Table 2a). However, control feed showed very 
least condition factor, which reflects its supreme quality when 
compared with experimental feeds.  In two-way ANOVA, the F-
values obtained for weight gain, specific growth rate and 
condition factor were found to be significant (either at 5% or 
1% level) when compared between treatments, between feed 
types and between combinations of pulses and cereals (Table 
2a). However, the F-values obtained for these parameters 
were found to be not significant when different combinations of 
pulses and cereals were compared with feed types (Table 2a).  
The most important observation is the survival rate, which 
was found to be higher in formulated feeds when compared 
with control. Among formulated feeds, the elevated survival 
rate was the highest with cow gram and wheat (94%), followed 
by the feed prepared with horse gram and ragi, and with green 
gram and pearl millet (P<0.074-0.478). This was also 
confirmed through two-way ANOVA, the F-values obtained 
were found to be significant (P<1), when compared between 
treatments, between different combinations of pulses and 
cereals, and between feed types and different combinations of 
pulses and cereals (Table 2a).  However, no difference was 
recorded in survival rate between feed types A and B (Table 
2). This was confirmed through statistically insignificant F-value 
obtained (Table 2a).   
Growth is an index of water quality and nutrients provided. 
As far as freshwater prawn culture is concerned there are 
many factors relates the growth and feeding activity [26],  
which include a functional digestive system to efficiently utilize 
the nutrients present in the food offered [11] and the 
physiological conditions, and the rearing environment [8].   
Growth of prawn is normally very fast during the early life and 
slows down during adult; the survival rates are also very high 
during the early life and fell subsequently [27]. In the present 
study, the overall performance of growth and survival were 
found to be appreciably good in PL fed with formulated feeds 
as seen in control feed fed PL. Therefore, the selected pulses 
(horse gram, green gram and cow gram) and cereals (ragi, 
pearl millet and wheat) can be included in feed formulation for 
Macrobrachium.
 
Table 2: Morphometric data and nutritional indices of M. malcolmsonii PL fed with different formulated feeds 
Parameters         
  
Prepared Feeds 
 
 Control 
(Scampi feed) 
 Feed - A   
(pulse-25% + 
cereal-25%) + 
(GOK-20% + 
SM-20%) +  
(EA-4% + 
tapioca-5%) 
 Feed - B    
(pulse-40% + 
cereal-10%) + 
(GOK-20% + SM-
20%) +  
(EA-4% + tapioca-
5%) 
Rank 
 
 
Morphometric 
Data 
  
Initial length (cm) Control (Scampi feed) 1.03 ± 0.15 1.03 ± 0.15 1.03 ± 0.15  
Final length (cm) Horse gram + Ragi 2.23 ± 0.20 
 
1.96 ± 0.15 
(0.011) 
2.10 ± 0.10 
(0.046) 
III 
Green gram + Pearl millet   2.23 ± 0.20 1.93± 0.15 
(0.009) 
2.13 ± 0.20 
(*) 
II 
Cow gram + Wheat 2.23 ± 0.20 2.03 ± 0.15 
(0.020) 
2.16 ± 0.15 
(0.136) 
I 
Initial weight (g) Control (Scampi feed) 0.092 ± 0.002 0.092 ± 0.002 0.092 ± 0.002  
Final weight (g) Horse gram + Ragi 0.149 ± 0.003 0.130 ± 0.003 
(*) 
0.137 ± 0.003 
(*) 
III 
Green gram + Pearl millet   0.149 ± 0.003 0.132 ± 0.003 
(*) 
0.141 ± 0.003 
(*) 
II 
Cow gram + Wheat 0.149 ± 0.003 0.138 ± 0.002 
(0.003) 
0.144 ± 0.003 
(*) 
I 
Nutritional 
Indices 
Weight gain 
(BI, Biomass Index) 
Horse gram + Ragi 0.057 ± 0.002 
  
BI=61.95 
0.038 ± 0.002 
(*) 
BI=41.30 
0.045 ± 0.003 
(0.002) 
BI=48.91 
III 
Green gram + Pearl millet   0.057 ± 0.002 
  
BI=61.95 
0.040 ± 0.004 
(0.005) 
BI=43.47 
0.049 ± 0.001 
(0.005) 
BI=49.39 
II 
Cow gram + Wheat 0.057 ± 0.002 
  
BI=61.95 
0.046 ± 0.004 
(0.011) 
BI=50.00  
0.052 ± 0.003 
(0.013) 
BI=56.52 
I 
Specific growth rate Horse gram + Ragi 0.465 ± 0.013 
  
0.332 ± 0.029 
(0.005) 
0.388 ± 0.028 
(0.012) 
III 
Green gram + Pearl millet   0.465 ± 0.013 
  
0.342 ± 0.029 
(0.006) 
0.415 ± 0.027 
(0.025) 
II 
Cow gram + Wheat 0.465 ± 0.013 
  
0.391 ± 0.021 
(0.004) 
0.436 ± 0.023 
(0.037) 
I 
Condition factor Horse gram + Ragi 1.121 ± 0.088 1.423 ± 0.042 
(0.008) 
1.308 ± 0.104 
(0.002) 
III 
Green gram + Pearl millet   1.121 ± 0.088 1.341 ± 0.087 1.233 ± 0.058 II 
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(0.000) (0.023) 
Cow gram + Wheat 1.121 ± 0.088 1.169 ± 0.056 
(0.122) 
1.134 ± 0.059 
(0.519) 
I 
Survival rate (%) Horse gram + Ragi 91.0 ± 3.00 93.00 ± 2.00 
(0.074) 
93.00 ± 2.00 
(0.074) 
II 
Green gram + Pearl millet   91.0 ± 3.00 92.00 ± 1.00 
(0.478) 
92.00 ± 2.00 
(0.225) 
III 
Cow gram + Wheat 91.0 ± 3.00 94.00 ± 1.00 
(0.122) 
94.00 ± 1.00 
(0.122) 
I 
Rank I III II  
GOK, groundnut oilcake; SM, soya meal; EA, egg albumin 
Each value is mean ± SD of triplicate observations. 
Significance (P<) of paired samples t-test are given in parentheses (* the correlation and t cannot be computed because the SE of the difference is ‘0’). 
 
Table 2a:  Two-way ANOVA and DMRT values of morphometric data and nutritional indices of M. malcolmsonii PL fed with different formulated feeds 
Parameter  Two-way ANOVA  DMRT  
(Mean Significance) Length  SV DF SS MS F- value CV % 
Treatment 8 0.322 0.040 1.33 ns 
8.2 
-- T1 T2 T3 G mean 
 Type  (T)  2 0.301 0.150 4.98* G1 a a a a 
Grains (G) 2 0.011 0.0056 <1 G2 a a a a 
T x G 4 0.0099 0.0024 <1 G3 a a a a 
Error  18 0.545 0.0302 -- -- -- -- -- -- 
Total 26 0.867 -- -- --  -- -- -- -- 
Weight Treatment 8 0.001288 0.00016 19.01** 
8.2 
-- -- -- -- -- 
 Type  (T)  2 0.0011 0.00055 65.49** G1 a b b b 
Grains (G) 2 0.000114 0.000057 6.75** G2 a b ab b 
T x G 4 0.000064 0.000016 1.89 ns G3 a a a a 
Error  18 0.000152 0.0000084 -- -- -- -- -- -- 
Total 26 0.000143 -- -- -- -- -- -- -- 
Weight gain Treatment 8 0.0012 0.00016 21.56** 
5.6 
-- -- -- -- -- 
 Type  (T)  2 0.0011 0.00055 74.28** G1 a b b b 
Grains (G) 2 0.00011 0.000057 7.66** G2 a b ab b 
T x G 4 0.000064 0.000016 2.15 ns G3 a a a a 
Error  18 0.00013 0.0000074 -- -- -- -- -- -- 
Total 26 0.00141 -- -- -- -- -- -- -- 
Specific 
growth rate 
Treatment 8 0.063 0.0079 15.40** 
5.5 
-- -- -- -- -- 
 Type  (T)  2 0.054 0.0272 52.50** G1 a b b b 
Grains (G) 2 0.0059 0.0029 5.69* G2 a b ab b 
T x G 4 0.0035 0.00088 1.71 ns G3 a a b a 
Error  18 0.0093 0.00051 -- -- -- -- -- -- 
Total 26 0.073 -- -- -- -- -- -- -- 
Condition 
factor 
Treatment 8 0.309 0.0386 6.52** 
6.3 
-- -- -- -- -- 
 Type  (T)  2 0.162 0.0814 13.74** G1 a a a a 
Grains (G) 2 0.093 0.0468 7.91** G2 a a ab a 
T x G 4 0.527 0.0131 2.22 ns G3 a b b b 
Error  18 0.106 0.0059 -- -- -- -- -- -- 
Total 26 0.416 -- -- -- -- -- -- -- 
Survival rate Treatment 8 36.000 4.500 <1 
2.3 
-- -- -- -- -- 
 Type  (T)  2 24.000 12.000 2.57 ns G1 a a a a 
Grains (G) 2 8.000 4.000 <1 G2 a a a a 
T x G 4 4.000 1.000 <1 G3 a a a a 
Error  18 84.000 4.666 -- -- -- -- -- -- 
Total 26 120.000 -- -- -- -- -- -- -- 
** - Significant at 1% level; ns: not significant 
* - Significant at 5% level 
T1, Control; T2, Feed type-A; T3, Feed type-B; G mean, between grains. 
G1, Horse gram + Ragi; G2, Green gram + Pearl millet; G3, Cow gram + Wheat. 
DMRT significant: a, not significant at 5% level; ab, slightly significant; b, significant 
 
Protein and Amino acids 
Nutrition is regarded as a key factor controlling survival 
and growth of crustacean culture. Table 3 represents contents 
of biochemical constituents in PL fed with formulated feeds. 
The content of total protein in PL fed with different types of 
feeds was in the order of scampi feed > feed-B (formulated 
with higher proportion of pulses) > feed-A (contained equal 
proportion of pulses and cereals). Among three different 
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combinations of pulses and cereals tested, the protein level in 
PL fed with feed prepared from cow gram and wheat was 
found to be higher followed by feed prepared with green gram 
and pearl millet, and horse gram and ragi. Therefore, total 
protein value observed in PL fed with the feed formulated by 
using cow gram and wheat, particularly feed type-B was very 
nearest to control. The similar trend was recorded in the 
content of total amino acid of PL fed with different types of 
feeds formulated with combinations of different pulses and 
cereals (Table 3). These results were confirmed through paired 
samples t-test (protein: P<0.000-0.141; amino acid: P<0.001-
0.946) and DMRT (Tables 3 and 3a).  When two-way ANOVA 
was applied, the F-values obtained for all the combinations of 
variables were found to be significant at 1% level except total 
protein between different combinations of pulses and cereals, 
and total amino acid between feed types and different 
combinations of pulses and cereals were compared (Table 3a).  
Prawns are rich in variety of organic and inorganic 
constituents. One of the major requirements of prawn culture is 
the transformation of dietary protein into tissue protein for 
normal body function, growth and maintenance. Therefore, 
protein constitutes the most expensive ingredients in artificial 
feed.  In the present study, the quality and quantity (or the 
nutritive/ biochemical value) of dietary protein offered with 
formulated feeds, particularly by feed type-B were appreciably 
good as control feed.  Further, among three different B-type 
feeds, PL fed with   cow gram and wheat showed 
comparatively equal performance with control. The protein 
requirements in animals are influenced by various factors, such 
as body size, water temperature, feeding rate, availability and 
quality of foods, over all digestible energy content of the diet 
and the quality of protein [28]. In general, larval and juvenile 
animals have greater protein requirement than adults [29] 
because the former usually have faster growth rates and 
higher metabolic rates. In the present study, the early PL has 
efficiently utilized the nutrients available in formulated feeds, 
particularly with cow gram and wheat. Therefore, this feed 
produced appreciable growth as control. 
The body amino acid concentration reflects the dietary 
amino acid concentration [30, 31]. Amino acids participate in 
osmoregulation and in the control of cell volume [32-34], which 
represents the body mass. In the present study, the biomass in 
PL fed with formulated feeds, particularly with cow gram and 
wheat was equally good as control feed. 
Carbohydrate 
The content of total carbohydrate in PL fed with different 
feeds was in the order of control > green gram and pearl millet 
> horse gram and ragi > cow gram and wheat. Therefore, the 
content of total carbohydrate was found to be lower in PL fed 
with formulated feeds when compared with control. As for as 
feed types are concerned, in contrast to total protein, the level 
of total carbohydrate was found to be higher in feed type-A 
than that of the feed type-B. This is because to the increased 
proportion cereals and decreased proportion of pulses in feed 
type-B (Table 3). These results were confirmed through paired 
samples t-test (P<0.000-0.231) and DMRT (Tables 3 and 3a). 
When two-way ANOVA was applied, the F-values obtained for 
all the combinations of variables were found to be significant 
either at 1% level or 5% level except comparison between feed 
types and different combinations of pulses and cereals were 
made (Table 3a).   
Generally, carbohydrates in tissues of crustaceans exist 
as protein–bound sugars and glycogen. It is well known that 
the sugars serve as energy reserve for the metabolic process. 
Carbohydrates play an important role in the synthesis of chitin, 
fatty acids and steroids.  Carbohydrates are considered to be 
the first among the organic nutrients can be utilized to generate 
required energy. Carbohydrates are the inexpensive source of 
energy supplying nutrients and serve as precursors for the 
dispensable amino acids and metabolic intermediates 
necessary for growth [35]. In the present study, the formulated 
feeds seemed to be contained enough quantity of 
carbohydrates. Actually feed type-B contained less quantity of 
total carbohydrate when compared with feed type-A because 
of less proportion of cereals and more proportion of pulses. 
However, feed type-B produced better results because it 
contained more protein. Moreover, among three different 
formulations, the feed, which contained cow gram and wheat 
was produced better growth. As all the feed types and feed 
combinations formulated contain adequate quantity of 
carbohydrate. It is suggested that the available protein was 
spared for growth rather than utilized for maintenance.  
Lipid  
In the feed type-A, the content of total lipid was found to be 
in the order of control > green gram and pearl millet > cow gram 
and wheat > horse gram and ragi. Whereas, in the case of feed 
type-B is concerned, the content of total lipid was found to be in 
the order of green gram and pearl millet > control > cow gram 
and wheat > horse gram and ragi.  As for as experimental feeds 
fed PL are concerned,  the total lipid content was found to be the 
highest in green gram and pearl millet fed PL, followed by cow 
gram and wheat, and horse gram and ragi. Similar to total 
protein level, the level of total lipid was also found to be higher in 
feed-B than that of the feed-A (Table 3). These results were 
confirmed through paired samples t-test (P<0.000-0.005) and 
DMRT (Tables 3 and 3a). When two-way ANOVA was applied, 
the F-values obtained for all the combinations of variables were 
found to be significant at 1% level (Table 3a).
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Table 3:  Concentrations of biochemical constituents in M. molcolmsonii PL fed with different formulated feeds 
Parameters 
 
  Prepared Feeds 
 
  
Initial 
 
Control 
(Scampi  
feed) 
Type - A   
(pulse-25% + 
cereal-25%) 
+ 
(GOK-20% + 
SM-20%) +  
(EA-4% + 
tapioca-5%) 
Type - B  
(pulse-40% + 
cereal-10%) + 
(GOK-20% + 
SM-20%) +  
(EA-4% + 
tapioca-5%) 
Rank 
 
Protein 
(mg g-1 wet wt.) 
Horse gram + Ragi 27.13 ± 4.16 55.8 ± 1.62 
 
50.47 ± 1.55 
(0.000) 
52.13 ± 0.61 
(0.024) 
III 
Green gram + Pearl millet   27.13 ± 4.16 55.8 ± 1.62 51.80 ± 0.91 
(0.010) 
53.80 ± 1.63 
(0.000) 
II 
Cow gram + Wheat 27.13 ± 4.16 55.8 ± 1.62 52.40 ± 0.52 
(0.033) 
54.40 ± 0.60 
(0.141) 
I 
 Rank -- I III II  
Amino Acid 
(mg g-1 wet wt.) 
Horse gram + Ragi 15.22 ± 8.27 34.53 ± 1.44 28.02 ± 2.62 
(0.011) 
30.72 ± 1.21 
(0.001) 
III 
Green gram + Pearl millet   15.22 ± 8.27 34.53 ± 1.44 28.30 ± 1.24 
(0.000) 
33.53 ± 1.44 
(*) 
II 
Cow gram + Wheat 15.22 ± 8.27 34.53 ± 1.44 32.25 ± 0.34 
(0.070) 
34.48 ± 0.62 
(0.926) 
I 
 Rank -- I III II  
Carbohydrate 
(mg g-1 wet wt.) 
Horse gram + Ragi 13.07 ± 1.90 28.93 ± 0.64 27.00 ± 0.23 
(0.015) 
25.80 ± 0.72 
(0.000) 
II 
Green gram + Pearl millet   13.07 ± 1.90 28.93 ± 0.64 27.86 ± 1.73 
(0.231) 
26.93 ± 0.64 
(*) 
I 
Cow gram + Wheat 13.07 ± 1.90 28.93 ± 0.64 26.20 ± 0.72 
(0.000) 
25.20 ± 0.72 
(0.000) 
III 
 Rank -- I II III  
Lipid 
(mg g-1 wet wt.) 
  
Horse gram + Ragi 2.0 ± 0.11 3.7 ± 0.16 2.6 ± 0.24 
(0.002) 
3.1 ± 0.20 
(0.001) 
III 
Green gram + Pearl millet   2.0 ± 0.11 3.7 ± 0.16 3.2 ± 0.22 
(0.005) 
4.0 ± 0.15 
(0.000) 
I 
Cow gram + Wheat 2.0 ± 0.11 3.7 ± 0.16 2.8 ± 0.11 
(0.001) 
3.4 ± 0.17 
(0.001) 
II 
 Rank -- I III II  
Ash (%) 
 
Horse gram + Ragi 5.70 ± 0.30 7.56 ± 0.20 8.20 ± 0.30 
(0.008) 
8.46 ± 0.50 
(0.035) 
I 
Green gram + Pearl millet   5.70 ± 0.30 7.56 ± 0.20 7.63 ± 0.15 
(0.136) 
8.10 ± 0.20 
(*) 
II 
Cow gram + Wheat 5.70 ± 0.30 7.56 ± 0.20 7.20  ± 0.20 
(*) 
7.43 ± 0.20 
(*) 
III 
Rank -- I III II  
GOK, groundnut oilcake; SM, soya meal; EA, egg albumin 
Each value is mean ± SD of triplicate observations. 
Significance (P<) of paired samples t-test are given in parentheses (* the correlation and t cannot be computed because the SE of the difference is ‘0’). 
 
Table 3a:  Two-way ANOVA and DMRT values of concentrations of biochemical constituents of M. malcolmsonii PL fed with different formulated 
feeds 
Parameter  Two-way ANOVA  DMRT  
(Mean Significance) Protein  SV DF SS MS F- value CV % 
Treatment 8 95.513 11.939 7.28** 
2.4 
-- T1 T2 T3 G mean 
Type  (T)  2 81.357 40.678 24.80** G1 a a a b 
Grains (G) 2 9.359 4.679 2.85 ns G2 a a a ab 
T x G 4 4.795 1.198 <1 G3 a a a a 
Error  18 29.526 1.640 -- -- -- --  -- -- 
Total 26 125.039 -- -- -- -- -- -- -- 
Amino acid  Treatment 8 173.92 21.740 10.50** 
4.5 
-- -- -- -- -- 
Type  (T)  2 117.50 58.75 28.37** G1 a b b b 
Grains (G) 2 32.41 16.20 7.83** G2 a b a b 
T x G 4 24.00 6.001 2.90 ns G3 a a a a 
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Error  18 37.27 2.070 -- -- -- -- -- -- 
Total 26 211.20 -- -- -- -- -- -- -- 
Carbohydrate  Treatment 8 49.141 6.142 8.86** 
3.0 
-- -- -- -- -- 
Type  (T)  2 40.376 20.188 29.12** G1 a ab ab ab 
Grains (G) 2 5.804 2.90 4.19* G2 a a a a 
T x G 4 2.960 0.740 1.07 ns G3 a b a b 
Error  18 12.478 0.693 -- -- -- -- -- -- 
Total 26 61.620 -- -- -- -- -- -- -- 
Lipid  Treatment 8 5.226 0.653 20.54** 
5.3 
-- -- -- -- -- 
Type  (T)  2 3.406 1.703 53.55** G1 a b b b 
Grains (G) 2 1.166 0.583 18.34** G2 a a a a 
T x G 4 0.653 0.163 5.13** G3 a b b b 
Error  18 0.572 0.0318 -- -- -- -- -- -- 
Total 26 5.799 -- -- -- -- -- -- -- 
Ash  Treatment 8 4.069 0.508 7.60** 
3.3 
-- -- -- -- -- 
Type  (T)  2 0.920 0.460 6.87** G1 a a a a 
Grains (G) 2 2.065 1.032 15.43** G2 a b a a 
T x G 4 1.083 0.270 4.05* G3 a b b b 
Error  18 1.204 0.066 -- -- -- -- -- -- 
Total 26 5.274 -- -- -- -- -- -- -- 
** - Significant at 1% level; * - Significant at 5% level;  ns,  not significant. 
T1, Control; T2, Feed type-A; T3, Feed type-B; G mean, Between Grains. 
G1, Horse gram + Ragi; G2, Green gram + Pearl millet; G3, Cow gram + Wheat. 
DMRT significant: a, not significant at 5% level; ab, slightly significant; b, significant.  
 
In this study, the total lipid level was found to be 
increased in PL fed with green gram and pearl millet when 
compared with control. This increase in lipid level seems to 
have less influence on growth of PL, since lipids are reported 
to only serve as an alternate source of energy in crustaceans 
[36]. Lipids provide a source of indispensable nutrients and 
they also act as carriers of certain non fat nutrients notably the 
fat soluble vitamins like A, D, E and K [37]. Lipids are 
extremely important in maintaining structural and physiological 
integrity of cellular and sub cellular membranes. The dietary 
lipid level as low as 5% can be provided the sufficient levels of 
essential fatty acids. It has been reported that the freshwater 
prawns contain more level of total lipid than marine shrimps (3.18 Vs 
1.33%) due to the presence of higher levels of triglycerides in the 
former category [38]. The importance of lipid in aquaculture has 
been stressed in several culture species of marine 
crustaceans: the cholesterol supplementation in diets improves 
biological performance of the prawn, Penaeus japonicus [29]; 
the mud crab, Scylla serrate [39]; and the tiger shrimp, 
Penaeus monodon [40].  The importance of lipid in growth 
promotion of Macrobrachium needs to be studied thoroughly.     
The level of ash in PL fed with different formulated feeds 
was in the order of horse gram and ragi > green gram and 
pearl millet > control > cow gram and wheat.  Therefore, the 
content of ash was found to be the highest in PL fed with horse 
gram and ragi, followed by green gram and pearl millet when 
compared with control. Whereas it was found to be lower in PL 
fed with cow gram and wheat when compared with control. 
These results were confirmed through paired samples t-test 
(P<0.008-0.136) and DMRT (Tables 3 and 3a). When two-way 
ANOVA was applied, the F-values obtained for all the 
combinations of variables were found to be significant either at 
1% level or 5% level (Table 3a). Similar to that of total protein, 
amino acid and lipid levels, the proximate composition of ash 
was also found to be higher in feed-B than that of the feed-A 
(Table 3). In this study, the ash content in PL fed with different 
formulated feeds indicates their mineral contents.   
In this study, M. molcolmsonii uses dietary carbohydrate 
as a major energy source since its availability was plenty. 
Therefore, proteins sparing by lipid is not considered to be 
crucial. The given protein was fully utilized for growth as plenty 
of carbohydrate and lipid were available. Therefore, diet with 
adequate levels of carbohydrate and lipid will enhance the 
protein sparing effect on growth. Since, the values of nutritional 
indices and analyses of proximate composition in PL fed with 
formulated feeds showed that the overall production quality 
was the best in scampi feed, better in feed type-B (contained 
higher pulses ratio) and good in feed type-A (contained equal 
proportion of pulses and cereals). Among different 
combinations of pulses and cereals used, cow gram and wheat 
showed the best growth performance on M. malcolmsonii, 
followed by better performance of green gram and pearl millet, 
and good performance of horse gram and ragi. Therefore, 
locally available low cost commodities of pulses and cereals 
can be used as feed ingredient to promote inland aquaculture 
of Macrobrachium.  
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